Enhancement of vaccine-induced primary and memory CD8(+) T-cell responses by soluble PD-1.
Programmed death 1 (PD-1) signaling through its ligands, PD-L1 and PD-L2, has been known to negatively regulate T-cell responses. In addition, PD-L1 has been shown to interact with B7-1 costimulatory molecule to inhibit T-cell responses. Extensive studies have shown that PD-1/PD-L blockade restores exhausted T cells during chronic viral infections and tumors. In this study, we evaluated the effects of soluble PD-1 (sPD-1) as a blockade of PD-1 and PD-L1 on vaccine-elicited antigen-specific T-cell responses in mice. Coadministration of sPD-1 DNA with human papilloma virus-16 E7 DNA vaccine significantly enhanced E7-specific CD8(+) T-cell responses, resulting in potent antitumor effects against E7-expressing tumors. We also found that sPD-1, codelivered with adenovirus-based vaccine, could increase antigen-specific CD8(+) T-cell responses, indicating vaccine type-independent adjuvant effect of sPD-1. In addition, the frequency and functional activity of adoptively transferred OT-I cells, particularly memory CD8(+) T cells, were augmented by coadministration of sPD-1 DNA, which was closely associated with increased T-cell proliferation and reduced T-cell apoptosis through upregulation of Bcl-xL expression during T-cell activation. Codelivery of sPD-1 DNA also enhanced maturation of dendritic cells (DCs) in vivo which was accompanied by upregulation of DC maturation markers such as major histocompatibility complex class II. Taken together, our findings show that sPD-1 potently enhances codelivered antigen-specific CD8(+) T-cell responses and in vivo maturation of DCs during activation of naive CD8(+) T cells, suggesting that an immunization strategy with sPD-1 as an adjuvant can be used to increase antigen-specific T-cell immunity elicited by vaccination.